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Lactate used and levels Electrochemical Characterization Spectroscopy Characterization
o Lactate is a metabolite formed from oxidation of pyruvate in muscles and liver _ _ e In figure 1, the bare electrode voltammogram shows a cathodic and anodic
o The normal range of lactate in blood is 0.5-2.5 mM 1 Egz;ﬁr;gﬁls vo.ltalmomosl‘aKmFofct;e eltle(c'::rO(éeN _ Figure 2: XPS at each step of the biosensor peak which correspond to a reversible behavior of the electroactive species (K;Fe
Elevate lactate concentration can indicate %) PES -I-I h 0' nzin 1.0 mM K;Fe(CN), / K,Fe(CN) in construction. (CN)./K,FE(CN), in solution. After 24 hrs of 4-ATP immobilization, the redox peak
o Multiple organ failure (e.g. liver, kidney, heart) at pH 7.0. o S of the electroactive species diminishes due to the blocking effect of the
. (4d) 2s 2 . . . .
o Septic shock fo6 s oY i Pt monolayer, which does not allow the species in solution to reach the electrode
o Contribute to lactic acidosis in tissues and blood i ’ O“l)it(ls) N(1s) v surface. After 12 hrs of covalent immobilization of CNT the current increased
Lactate biosensor useful ) 406 | ‘ Bot4 - v Cias) since CNTs help the electron transport of the electrospecies. A slight decrease in
o Diagnosis and treatment of medical conditions (e.g. cystic fibrosis , septic oot | \J{_ﬂ the current is observed after LOx immobilization since is blocking, in some extent
shock) o | 5 i . the arriving of the electroactive species to the electrode. This experiment
o Relevant in sport medicine for estimation of the physiological condition of 2_26_6 i R : o suggests that the biosensor assembly was done properly.
athletes 3 4o | N -
-4e- al —_ CNT . . _ . . . .
The goal is to develop an enzyme-based biosensor for monitoring lactate 606 K i 2e+4 mm% C CDC/SuUfeNHS .hXPS exp.erlmentsh(Flgure 2| 4) were l:fed LO conﬁ:m cc;valenl’; |mmob|I|rz]ah|9nkof
concentration in blood. The model protein for this sensor is lactate oxidase (LOx). PO P T T W T S o i ,, i the protein onto the CNT electrode t " t € cova ent. ond between the linker
00 01 02 03 04 05 o o o . o . ! Sulfo-NHS/EDC of the CNT and a protein amine. The linker attached to the CNT
Potential (V) vs. Ag/AgCl _ . . . .
This biosensor is an excellent match with NASA necessities to monitor astronaut’s Binding Eneray (eV) form ahn I?ste.r su}l}ﬁte leaving group tha; can :e monltorled.by. XPS. Ihn ﬁ;gurr]e 2 and
health during space missions since astronauts’ muscles and bones get weakness 3{) cac Imi mdt eSsApl\c/elctrch:F)rres(?on :O_ the XPS ;T_a y;iss N efactho ; e steps
. . : : : . : : r rode, ) nd protein immobilization josensor
due to gravity reduction 4, Figure 3: XPS at each step of the biosensor Figure 4: High Resolution-XPS in the sulfur (coisetr eCEZnOTEe K line cories oFr)u;)ine to the TED c /aS E‘o)NI(zI S IinT(er ;stzoa
construction. Zoom in the sulfur region (250-150 eV). region. (red line: sensor with linker, blue line: seak irl: 170 .ev wr?ich correspondz ‘o thg oresence of ausulﬁte (:50.7) from the
sensor with protein) ’ O3
Group 2p line (eV) ——__ linker. After adding the protein to the electrode (blue line), the peak
Pt Sulfure (S) 164 ol - N | corresponding to the sulfur group disappears indicating that the CNT forms a
2¢+0,+H,0 —H,0, H,0, + Pyruvate L-Lactate + O, % St Cystein (-SH) 1632 2p o Koo covalent bond with the protein. This is confirm in the XPS high resolution spectra
N sera - Sulfite (-S0s=)  165.6-167 o %L/té ' in figure 4.
e ze AT ':-.,,.ﬂ-;.;.‘._,:q, > berd— ||t ol - J . Figure 5 shows the amperometric response of the LOx biosensor. The
S RO S > e b s | | biosensor exhibit a fast and sensitive response to changes in lactate
SONHﬂNH ; on de+d - L M - concentration. Figure 6 illustrate the calibration curve of LOx biosensor. The
o A _SsAM 100 1 current increased linearly with increased in the lactic acid concentration and
°M°ﬁw pord _,Mmkﬂvw\]bk«\j\ — CNT l i ‘"\‘\ | 1ol 1 saturated at a lactate concentration of 15 mM. The calibration curve exhibit a
NMM«N% T EPERUiA I /‘M'w " | »'w'\w - linear response in the range from 3 mM to 12 mM with a sensitivity 8.7+ 0.2 nA/
0 - TN Sl mM. The detection limit is is of 0.44 £ 0.01 mM.
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